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Secretory cargo made in the endoplasmic reticulum transits through the Golgi apparatus, where various posttranslational modifications occur, prior to sorting into different tubulovesicular carriers for transport to the surface of the cell (Farquhar and Palade, 1981) . In one model for Golgi function called the vesicular transport model, each stack is static with its own defined structure and enzymes ( Figure 1 ). Cargo is delivered to the stack by fusion of a membrane-bound vesicle. Next, the cargo is sorted out of the stack into a vesicle that in turn fuses to the subsequent stack. Thus, cargo that enters on one face of the Golgi is transported in a series of vesicular transport steps to the other end. A second model, called the maturation model, proposes that it is the stacks themselves that move from one face of the Golgi across to the other. As they move, processing enzymes are sorted out into vesicles that then fuse with a younger stack. In this issue, Patterson et al. (2008) present evidence for a different possibility-that the Golgi stacks are interconnected and that proteins freely and quickly distribute and partition between them.
There are many reported experimental results consistent with either the vesicular transport model or the maturation model, as well as an equally large number of experiments demonstrating that neither model, on its own, sufficiently explains all of the results (Pelham and Rothman, 2000) . For example, it is difficult to reconcile the vesicular transport model with the observations that some cargo molecules that are too large to fit into vesicles, such as collagen precursors or cell wall fragments in algae called scales, still make their way through the Golgi (reviewed in Pelham and Rothman, 2000) . Likewise, the observations that vesicles at the rims of the Golgi contain only cargo molecules with no enzymes (Orci et al., 2000) are difficult to reconcile with the maturation model.
A seminal review by Pelham and Rothman (2000) proposed a potential resolution of two models for the movement of cargo within the Golgi. They put forward the notion that vesicles carrying small cargo "percolate" in both directions through the stack with rapid transport rates, whereas larger cargo move via slow cisternal move- It is a subject of intense debate whether proteins are transported by vesicles through the membranous stacks of the Golgi or whether the stacks mature, carrying the cargo along. In this issue, Patterson et al. (2008) present evidence for a third model in which the Golgi stacks are a continuous structure and proteins rapidly equilibrate between the layers.
ment. In this model, resident proteins could move through all of the Golgi and "partition according to the nature of their membrane anchors into those that have the most favorable lipid composition." The model also made prescient predictions. For example, the authors proposed that in budding yeast (where Golgi are more dispersed and lack distinct stacks), the Golgi should continuously mature. This prediction has been recently confirmed by two groups (Pelham, 2006) . However, even this reconciliation is not consistent with all observations. When the Golgi is imaged with highresolution tomography, continuities are observed between the stacks, and these continuities increase as transport is increased through the Golgi (Marsh et al., 2004; Trucco et al., 2004) .
In this issue of Cell, Patterson et al. (2008) present data that calls the previous reconciliation into question. In particular, their findings are problematic for the notion that cargo transport involves maturation of the cisternae. Cisternal maturation has been proposed to explain movement through the Golgi of molecules that are larger than a transport vesicle. The maturation involves the cisternae moving sequentially through the Golgi carrying their cargo. Thus, after cargo enters the Golgi, there should be a lag time before it leaves; in the absence of further input, the exit kinetics of the cargo should be linear with respect to time, similar to a conveyor belt delivering cargo. Patterson et al. took three approaches to test these predictions. First, they selectively photobleached all fluorescently tagged cargo outside the Golgi and then quantified the rate at which cargo exited. Small soluble cargo (a yellow fluorescent protein with a signal sequence), large soluble cargo (procollagen tagged with green fluorescent protein), and membrane cargo (the viral protein VSV glycoprotein tagged green fluorescent protein) all showed the same result: Cargo exited the Golgi with exponential rather than linear kinetics. Second, they tested whether there is a lag time between when cargo arrives and leaves the Golgi. To assess this, they photobleached all fluorescent cargo in the Golgi. After the Golgi was allowed to refill for 5 min, all fluorescence outside of the Golgi was photobleached. Even though the Golgi only had fluorescent cargo that had arrived in the previous 5 min, there was no lag until release, and the release occurred exponentially. The exponential rate of cargo exit from the Golgi is consistent with all of the cargo being equally likely to leave. This suggests that either the Golgi is a continuous well-mixed compartment or that cargo is equally likely to leave the Golgi from all cisternae.
Patterson et al. then examined whether incoming cargo filled all the stacks simultaneously. They tagged an enzyme that resides in the Golgi (the galactosyl transferase) with one color fluorescent protein and a cargo molecule (VSV glycoprotein) with a second color fluorophore. They found that the relative brightness of the fluorescent proteins differed between sections. They marked the location of Golgi cisternae, photobleached the fluorophores at the Golgi, and then quantified the return of fluorescent cargo. They found that cargo did not distribute equally into all compartments, although the cargo did fill the compartments at the same rate, consistent with the notion that the cisternae are continuous. However, these results also suggest that all cisternae are not equal: The cargo or the Golgi-processing enzymes partitioned more efficiently into some regions than others.
The authors provide quantitative models for the different hypotheses and variations thereof. This includes examining modifications of the cisternal maturation model, such as allowing for extensive recycling of cargo. They conclude that the only model consistent with all of the data required the assumption that the cisternae within a stack of Golgi are continuous.
The possibility that the Golgi functions as a continuous compartment has been raised previously (Beznoussenko and Mironov, 2002) . A critical challenge for Patterson et al. was to reconcile Golgi continuity with the clear evidence of segregation of processing enzymes into different compartments. It had been previously proposed that "segregation of cargo and enzymes occurs within continuous stretches of Golgi membrane… the Golgi can be considered as a two-phase system" (Pelham, 2001) . Just as continuous stretches of endoplasmic reticulum segregate into "rough" and "smooth," continuous stretches of Golgi membrane may differentially partition proteins. Indeed, there is a gradient of lipids through the Golgi (Bretscher and Munro, 1993) . Patterson et al. propose that this gradient is a dynamic structure-a consequence of transport through the system-and that the differential distribution of lipids could account for the differential partitioning of proteins. An attractive fea- 
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Cargo passing through the Golgi apparatus is green, and processing enzymes associated with the cis-stacks of the Golgi are orange. During cistneral maturation (left), the entire stack moves forward carrying cargo, and vesicles moving retrograde return processing enzymes to a reformed cis-stack. In vesicular transport (right), vesicles carry cargo forward, leaving the processing enzymes behind.
ture of this hypothesis is that it could account for some apparent discrepancies in the literature. For example, a previous study, in which entry to the Golgi was regulated by temperature, yielded beautiful electron micrographs whose content suggested that the very same proteins (VSV glycoprotein) did not fill up all of the cisternae simultaneously but instead moved as a wave through the Golgi (Trucco et al., 2004) . However, in light of the dynamic model proposed by Patterson et al., temperature could also affect the dynamics of lipid flow, thus potentially reconciling the two observations.
The work of Patterson et al. leads to many new questions. One critical issue is how SNAREs, the proteins that regulate membrane fusion steps throughout the eukaryotic kingdom, fit within this new model of intra-Golgi transport. One particular SNARE, GOS28, is found on the vesicles that surround the Golgi (Orci et al., 2000) . Are the SNAREs responsible for fusion of the tubular connections between the cisternae leading to the continuities? Alternatively, is there vesicular traffic functioning in parallel with diffusion through the Golgi? The new generation of optical probes and microscopy techniques offer the potential for addressing a series of questions that previously could not even be articulated.
Life began over a billion years ago as percolating early microbes in the seas assembled into primitive interacting multicellular aggregates. A steady evolutionary progression led to a panoply of more complex biological species through geological epochs across which three principal world domination events occurred. The first era (early Paleozoic) was dominated by the trilobite marine invertebrates, and the second period (Mesozoic) nurtured the reptilian dinosaurs who dominated the planet until 63 million years ago (MYA) when an asteroid abruptly extirpated them all. With the demise of the dinosaurs, the first mammal precursors-warm-blooded ratsized insectivores-seized the opportunity and produced a third still flourishing domination of the earth, the mammalian radiations.
Modern mammals comprise 28 orders of some 4800 species that range in specialization from bats, to whales, to bears, to horses, to koalas, and to humankind (Nowak, 1999; Wilson and Reeder, 2005) . The earliest mammals began their journey from their reptilian predecessors over 300 MYA when they moved from eggs, scales, venom, and feathers (modern birds are a polyphyletic inclusion of reptiles, notably dinosaurs; see Figure 1 ) to warm-blooded animals with fur coats that give birth to live young, nurse their young, and have four-chambered hearts, X/Y chromosome-based sex determination, and in one case remarkable cognitive neurodevelopment. Mammal evolution was a dynamic grand experiment fueled by diverse ecological opportunity, mutational modification, and accumulating adaptations. Zoological observers long recognized that mammals include one group of bizarre Australian species, the monotremes (the platypus and two echidna species) that had attributes of mammals, birds, and reptiles all wrapped together. The monotremes are considered to be the product of a 160-200 million-year-old lineage of the early mammals. Given the amalgam of mammal, bird, and reptile biological features, the platypus and echidnas are considered living "missing links" between the
